Water distilled essential oils from leaves of Plectranthus tenuicaulis (Hook. f.) J. K. Morton collected in Gabon were analyzed using GC-FID and GC-MS. The main constituent, unusual within the genus Plectranthus, was isolated and formally identified as being the (+)-(R)enantiomer of (E)-6,7-epoxyocimene [(E)-myroxide]. This enantiomer, which represents about 75% of the essential oil, has been previously identified as a pheromone emitted by the male fruit-spotting bug Amblypelta nitida; this insect is responsible of destruction of most fruit crops in tropical and subtropical areas. The potential application of P. tenuicaulis essential oil in crop protection programs is discussed and the atypical chemical profile of the gabonese essential oil is compared with those previously reported in the genus Plectranthus (or Coleus).
Plectranthus tenuicaulis (Hook. f.) J. K. Morton [syn.
Coleus tenuicaulis Hook. f.; Plectranthus minimus Gürke] is one of the 14 species of the genus Plectranthus found in the flora of West Africa [1] . The plant is a small erect, branched, slender pubescent herb 2-36 in. high with lax panicles of small blue flowers and variegated leaves with purple dominant evergreen. The genus Plectranthus is a large genus containing about 300 species found in tropical Africa, Asia and Australia with sometimes very close morphological criteria which may induce some nomenclatural disharmonies [2] . The most recent phylogeny proposed by Paton [3] , based on DNA sequence data and augmented by morphological data, provides an informal classification that divides the species into two main groups or clades: Clade 1 broadly corresponds to the formally recognized genus Coleus (it is divided into two subclades 1a and 1b) whereas Clade 2 is recognized as the "Plectranthus Clade".
Many Plectranthus species are plants of economic and medicinal interest. A correlation established by Lukhoba [2] between the ethnobotanical uses of the 62 best documented species of Plectranthus and their phylogenetic classification [3] reveals that the members of "Coleus Clade" were richer in number and diversity of uses; they are frequently used as medicines to treat a range of ailments, particularly digestive, skin, infective and respiratory problems but also as foods, flavours and fodder.
The aim of this study was to characterize the volatile extract of the species P. tenuicaulis which is widely spread in Gabon and traditionally used by local populations but which was not mentioned in the two previous reviews. During the plant collection, it was recorded that the infusion of leaves is used to treat indigestion but also by the young mothers to promote lactation.
Many papers have been published on the chemistry of species of Plectranthus or Coleus; a review on the phytochemical constituents of the genus Plectranthus [4] indicates that the species are generally free from iridoid glycosides and rich in essential oils; furthermore, the more common secondary metabolites would be diterpenoids, the majority of them being highly modified abietanoids. More specifically, the investigations reporting exclusively on the chemical constituents of their essential oils are numerous; the main results were gathered according the geographical origin of the botanical species already studied in Table 1.  Their examination shows that there is no previous report  dried  leaves   fresh  leaves   leaves  dried  leaves   plant  leaves  flowers  leaves  leaves  leaves  fresh  aerial parts  References  31  30  37  25  35  36  38 on the chemical constituents of P. tenuicaulis; therefore, it was of great interest to investigate the composition of its essential oil. The investigations were carried out on the oils of young (pale green colour) and mature (dark purple colour) leaves from plants collected in the south eastern part of Gabon (Mopia). In this paper, we report comprehensive analytical results on their essential oils including isolation and full characterization of their major constituent, (E)-6,7-epoxyocimene, as well as its (Z)isomer obtained by hemisynthesis.
The chemical compositions of the essential oils obtained from two kinds of leaves (young and mature ones) of Plectranthus tenuicaulis (Hook. f.) J. K. Morton collected in Gabon at different periods are shown in Table 2 . In total, thirty five compounds were identified by GC and GC-MS, representing 96.2 to 97.7% of all components in the oils. All samples were dominated by a single component, (E)-2,6-dimethyl-2,3-epoxyocta-5,7-diene [syn. (E)-6,7-epoxyocimene or (E)-myroxide] (74.4-83.8%); this component was always accompanied by its (Z)-isomer in minor amounts (0.4-1.3%) and by their precursors (Z)-and (E)-β-ocimenes (0.8-1.6% and 0.6-1.7% respectively) as well as by their hydrolysis derivatives : (Z)-and (E)-2,6-dimethylocta-5,7-diene-2,3diols (0.1-0.5% and 0.1-0.2% respectively). A minor amount of another derivative, (E)-2,6-dimethylocta-3,5,7trien-2-ol, was also identified in four samples (0.1-0.2%). The three last components were formally identified by comparison with authentic samples obtained by transformation of their corresponding oxide precursors (their chemical synthesis as well as their spectroscopic and sensorial characteristics will be presented in another paper together with those of other oxygenated and sulphur derivatives of 6,7-epoxyocimenes). Finally, the presence in appreciable amount of other acyclic terpenoids should be noticeable: myrcene (0.2-0.5%) was accompanied by its oxide (0.1-0.4%); the only acyclic sesquiterpene was (Z)β-farnesene (1.1-2.2%).
The major constituent of P. tenuicaulis essential oil (E)-2,6-dimethyl-2,3-epoxyocta-5,7-diene was purified by liquid solid chromatography whereas its (Z)-isomer was prepared for comparison by epoxidation of (Z)-β-ocimene. Both compounds were fully characterized: their 1 H-and 13 C-NMR spectra are similar to those previously given for the epoxyocimenes isolated from Artemisia absinthium essential oil [5] . The specific optical rotation of the natural (E)-isomer was measured as [α] D = + 3.5° (c 0.1, CHCl 3 ) suggesting its characterization as the (R)-enantiomer [6] ; the enantiomeric distribution of both epoxyocimenes was investigated by gas capillary chromatography using a chiral stationary phase: analysis of the racemic (Z)epoxyocimene allowed the resolution of both enantiomers (enantiomeric distribution 49/51); on the other hand, analysis of the natural (E)-isomer using the same experimental conditions allowed a confirmation of its enantiomeric purity.
Globally, the chemical composition of P. tenuicaulis essential oil is quite singular with a high content of (E)-2,6-dimethyl-2,3-epoxyocta-5,7-diene, formally identified as the (+)-(3R)-enantiomer, and a remarkable stability according the leaves maturity and their time of collection. This component was never previously identified in such high amount in an essential oil. Only two previous studies mention the presence of high content of (E)-myroxide in an essential oil: the oil of Tanacetum khorassanicum collected in Iran contained 19.8% of this component [7] while a recent study reports almost the same amount of this component (19.6%) in a sample oil of Ocimum basilicum originating from Tanzania [8] . On the other hand, its (Z)-isomer was identified in noticeable amount (2.4%) in the essential oil of Artemisia absynthium [9] . Furthermore, the essential oil of P. tenuicaulis from Gabon is totally different from those previously described for other species of Plectranthus (or Coleus). Examination of Table 1 indicates a great diversity of chemical compositions with nevertheless some major chemical features: p-menthane structures were most often identified, mainly represented by the phenolic components thymol or carvacrol which are often largely dominant (up to 90%) and generally accompanied by the corresponding hydrocarbons monoterpenes (α-and γterpinenes, β-phellandrene, terpinolene or p-cymene). These combinations are described for the essential oils of Coleus aromaticus (syn. Plectranthus/Coleus amboinicus) from Brazil [10] , Venezuela [11] , Java [12] , Cuba [13, 14] , Martinique [15] , Cambodia [16] , China [17] , India [18] [19] [20] [21] , Pakistan [22, 23] , Vietnam [24] but also for P. tenuiflorus collected in Kenya [25] or in Saudi Arabia [26] , P. cylindraceus from Sultanate of Oman [27] and P. melissoides [28] or C. zeylanicus from India [29] . Piperitone and/or piperitenone oxides characterize the essential oils of P. glandulosus from Cameroon [30] , P. defoliatus from Burundi [31] and P. incanus (flowers) from India [32] . The p-menthane structures are very poorly represented in the Gabonese species (terpinolene, 0.1-0.4%).
Only a few species of Plectranthus (or Coleus) furnished essential oils with major bicyclic monoterpenes: α-pinene in the essential oils from leaves and stems of Plectranthus barbatus collected in Brazil [33] or from inflorescences of P. forskohlii (syn. P. barbatus) from India [34] , borneol in the volatile extract of P. barbatus from Rwanda [35] , fenchone in the leaf essential oils of P. glandulosus from Cameroon [30] or P. coleoides from Austria [36] , β-thujone in the essential oil from leaves of another sample of P. glandulosus from Cameroon [37] or sabinyl acetate in the essential oil of P. fruticosus garden cultivated in France [38] . The only components representative of the bicyclic monoterpenic structures identified in P. tenuicaulis essential oils are pinenes (about 0.1%), sabinene (0.2-0.4%), camphene (0.1%) and borneol (0.2-0.3%). Furthermore, the chemical composition of the essential oils obtained from other species of Plectranthus (or Coleus) are atypical as those of P. grandis and P. ornatus from Brazil [39] which contain a high amount of eugenol with nevertheless high content of sesquiterpenes, mainly β-caryophyllene and germacrene D or those of two other species from India, P. rugosus [40] and P. vestitus [41] which furnished essential oils dominated by sesquiterpenes; these hydrocarbons components are also well represented in the gabonese essential oils: β-caryophyllene (2.6-5.9%) and germacrene D (1.3-3.0%) are the major components in this chemical class, as previously observed in the other species of Plectranthus (or Coleus).
The typical chemical combination of camphor and carvacrol was described for Coleus amboinicus collected in The Reunion Island [42] or Coleus aromaticus from Mauritius [43] . The essential oil of P. madagascariensis leaves contained a high amount of 6,7-dehydroroyleanone [44] , a diterpenoid quinone firstly isolated from Salvia moorcraftiana roots [45] . None of these three components was identified in the P. tenuicaulis essential oil.
Finally, only two species were characterized by acyclic terpenic structures: hydrodistillation of leaves and flowers of Plectranthus sylvestris collected in Rwanda furnished essential oils with a high content of (Z)-(Z)-α-farnesene (6-11%) accompanied by (E)-β-ocimene (6-26%) [35] while the essential oils obtained from roots and leaves of P. barbatus originating from Brazil contained high amounts of (Z)-β-ocimene (38%) or myrcene (12%) respectively [33] . Most of these components were identified in our samples but never in high amount (≤ 2.2%).
In conclusion, any botanical species previously studied was chemically similar to the species P. tenuicaulis described in the present study. Nevertheless, considering the high occurrence of thymol/carvacrol in the Coleus essential oils, the atypical chemical composition of the essential oil obtained from the gabonese species suggests its classification in the Clade 2 ("Plectranthus" Clade).
The main constituent of the essential oil, (3E, 6R)-2,6dimethyl-2,3-epoxyocta-5,7-diene, was previously identified as a pheromone of the male fruit-spotting bug Amblypelta nitida [46] . Most fruit and nut crops in tropical and subtropical areas, namely in Australia, are affected adversely by the fruit-spotting bug A. nitida and the banana spotting-bug, A. lutescens. In the context of investigations on their communication systems, (E)-myroxide was formally identified as a pheromone emitted by A. nitida males which elicited responses in the female A. nitida antenna [47] . The same component, which was detected in air-entrained headspace sample of live flowers of Tagetes erecta (African marigold) was also clearly identified as a electrophysiologically active compound and attractant for female Helicoverpa armigera, another serious insect pest widely distributed in tropical and subtropical regions of the Old World [48] . African marigold, Tagetes erecta, is a favored host for oviposition by H. armigera and has been successfully used as a trap crop [49, 50] . In the same manner, one possibility is to use P. tenuicaulis essential oil as an attractant for female moths that could be used in a lure and kill control program of insect pests involved in crop damages. Further investigations by entomologists should be necessary to define its practical method of use.
Experimental
Plant material and extraction: Plant materials of P. tenuicaulis were collected from the wild in the Mopia village, located at 32 km far from Franceville (southeastern Gabon). Young leaves, which are characterized by a pale green color, were collected in 2006, march (Sample A) and august (Sample C) and one year later in February (sample D) and September (sample E); in march 2006, mature leaves, which show a purple dominant colour, were collected simultaneously with the young ones (sample B) to check the influence of the leaf maturation on its essential oil. The identification of the plant was performed by Y. Issembe (National Herbarium, Institut de Pharmacopée et de Médecine Traditionnelle (IPHAMETRA-CENAREST), Libreville. A voucher specimen was deposited at the Herbarium of the Institute.
The plant material (lots of 200 g of leaves) was subjected to hydrodistillation using a Clevenger type apparatus for 3 h (three replicates). The essential oils were collected by decantation, mixed and finally dried over anhydrous sodium sulfate; they were fluid, with a pale yellow colour and a fresh floral odour reminiscent of tagetes with citrus undernotes. The yields of oils (expressed in percent, w/w of the fresh vegetable material) ranged from 1.39 % to 1.70%. The essential oils as well as the purified natural and synthetic components were analyzed by gas chromatography (GC) and GC-mass spectrometry.
Essential oils analyses
Gas Chromatography: GC analyses were performed on a Varian gas chromatograph, model CP-3380, with flame ionization detector containing two silica capillary columns: HP5 J&W Agilent (5%-Phenyl-methylpolysiloxane) capillary column ( Gas Chromatography-Mass Spectrometry: GC-MS analyses were performed using a Hewlett-Packard GC 5890 series II equipped with a HP5 (5%-Phenylmethylpolysiloxane) fused silica column (30 m x 0.25 mm; film thickness 0.25 μm) and a DB-Wax fused silica column (30 m x 0.25 mm; film thickness 0.25 μm) interfaced with a quadrupole detector (Model 5972); temperature program (50-200°C at 5°C/min); injector temperature, 220°C; MS transfer line temperature, 180°C; carrier gas, helium at a flow rate of 0.6 mL/min; injection type, split, 1:10 (1 μL 10:100 CH 2 Cl 2 solution); ionization voltage, 70 eV; electronmultiplier 1460 eV; scan range 35-300 amu; scan rate, 2.96 scan/s.
Qualitative analysis:
The identification of the constituents was based on comparison of their relative retention times with either those of authentic samples or with published data in the literature [51] and by matching their mass spectra with those obtained by from authentic samples and/or the NBS75K and Wiley 7th NIST 98 EPA/NIH libraries spectra and literature data [51] . The results are reported in Table 2 .
Quantitative analysis: The percentage composition of the essential oils was computed by the normalization method from the GC-FID peak areas, assuming an identical mass response factors for all compounds. All determinations were performed in duplicate and averaged ( Table 2) . Quantification of the major component [(E)-6,7epoxyocimene] was carried out by the internal standard method [52] and use of its response factor, which was determined under the same experimental conditions using the following equation: RRF = (m target x A i.s .)/A target x m i.s ) where m target is the mass of the analyte, A i.s . is the peak area of the internal standard (in this case decane), A target is the peak area of the analyte, and m i.s is the mass of decane. The mean RRF value (3 replicates) calculated under our experimental conditions was: RRF= 1.07 ± 0.05 Content of (E)-6,7-epoxyocimene, expressed as g/100g of essential oil, given in () in Table 2 , was calculated as: weight % = A target x m i.s. x RRF x 100/A i.s. x m oil using the RRF previously calculated; A target represents the epoxyocimene peak area, A i.s. represents the internal standard (decane) peak area, and m i.s. and m oil are expressed as g.
Isolation of (E)-2,6-dimethyl-2,3-epoxyocta-5,7-diene by Liquid Solid Chromatography:
Essential oil (Sample A, 2 g) was loaded on a glass column packed with 100 g of silica gel 60 A (35-70 μm) as a slurry in hexane. The solvent system used for elution was hexane/diethyl ether (95:5); all solvents were dried and distilled before use. All the fractions were screened by GC. The combined fractions containing the single major constituent were concentrated to give pure (E)-2,6-dimethyl-2,3-epoxyocta-5,7-diene: 1.3 g of a colourless liquid with a pleasant floral odour.
Its specific optical rotation was measured at 25°C by using a polarimeter Perkin Elmer 241 as [α] D = + 3.5 (c 0.1, CHCl 3 ).
Hemisynthesis of (Z)-2,6-dimethyl-2,3-epoxyocta-5,7diene:
The (Z)-isomer of the essential oil major component was synthesized by epoxidation of a sample of (Z)-βocimene supplied by the Robertet society (Grasse, France).
(Z)-β-ocimene (2 g, 1eq., 14.7 mmoles) was dissolved in dichloromethane (7.5 mL); after addition of sodium acetate (1.5 g, 1.2 eq.,18.3 mmoles), the mixture was magnetically stirred at room temperature for 1 h then placed into a crushed ice bath for 15 min. A solution, prepared separately by mixing peracetic acid 32% (4.2 g, 17.7 mmoles) and sodium acetate (0.03 g), was added dropwise to the reaction mixture which was immersed in a water bath to keep the temperature around 20-25°C. The chemical transformation was complete after 5 h; the reaction progress was followed by thin layer chromatography using aluminium-coated plates with silica gel 60 F 254 (Merck) and hexane/ethyl acetate (9:1) as eluent. After elimination of reactants, the filtrate was washed with aqueous Na 2 CO 3 solution then twice with water. The organic layer was dried over MgSO 4 and concentrated in vacuo. Silica gel chromatography of the oily residue with hexane/ethyl acetate (9:1) gave pure (Z)-2,6-dimethyl-2,3-epoxyocta-5,7-diene (38% yield) which presents a characteristic fresh odour similar to that of the (E)-isomer. NMR data: 1 H and 13 C NMR spectra of both components were recorded with a Bruker DRX-400 spectrometer using CDCl 3 as solvent. Chemical shifts are given using residual solvent peaks as a reference relative to tetramethylsilane (TMS). 
